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Purpose: We conducted a prospective study to darify the clinical utility of magnetic 
resonance angiography (MRA) in the treatment of patients with lower extremity arterial 
occlusive disease. 
Methods: During the interval of September 1993 through March 1995, 79 patients (43% 
daudicants, 57% limb-threatening ischemia) were studied with both MRA and contrast 
arteriography (ANGIO) and underwent intervention with either balloon angioplasty (9%), 
surgical inflow (28%), or outflow (63%) procedures. MRA and ANGIO were interpreted by 
separate blinded vascular radiologists, and arterial segments from the pelvis to the foot were 
graded as normal or with increasing degrees of mild (25% to 50%), moderate (51% to 75%), 
or severe (75% to 99%) stenosis or occlusion. Treatment plans were formulated by the 
attending surgeon and were based initially on hemodynamic, dinical, and MRA data and 
thereafter with ANGIO. Additional study surgeons formulated independent and specific 
treatment plans based on MRA or ANGIO alone. Indexes of agreement (beyond chance) for 
arterial segments depicted by MRA and ANGIO were assessed (kappa value), and treatment 
plans formulated were compared (x-square). 
Results: Precise agreement (%) and the percent of major discrepancies ( egment classified 
as normal/mild stenosis on one study and severe stenosis/ocdusion the other) between 
MRA and ANGIO for respective arterial segments was as follows: common and external iliacs 
(n = 256) 77/3.5; superficial femoral and above-knee popliteal (n = 255) 73/6.7; below- 
knee popliteal (n = 131) 84/3.8; infrapopliteal runoff vessels (n = 864) 74/12.4; pedal 
vessels (n = 111) 69/19.8 Kappa values indicated moderate agreement (between MRA and 
ANGIO) beyond chance for all arterial segments. Treatment plans formulated by the 
attending surgeon, the MRA surgeon, and the ANGIO surgeon agreed in more than 85% of 
cases. Inability of MRA to assess the significance of inflow disease and inadequate detail of 
tibial/pedal vessels were the principal deficiencies of MRA in those cases where it was 
considered an inadequate examination. 
Conclusion: These findings suggest MRA and ANGIO are nearly equivalent examinations 
in the demonstration of infrainguinal vascular anatomy. MRA is an adequate preopera- 
tive imaging study (and may replace ANGIO), particularly in those circumstances when 
the risk of ANGIO is increased or when clinical and hemodynamic evaluation predict he 
likelihood of straightforward aortofemoral or femoral-popliteal reconstruction. (J Vasc 
Surg 1997;25:380-9.) 
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Magnetic resonance angiography (MRA) has 
been the single most significant advance in vascular 
imaging in the past decade. Its potential to provide 
accurate imaging at lower cost and without he atten- 
dant morbidity of conventional angiography has ac- 
counted for its rapid technical development. In a 
variety of anatomic locales including the carotid bi- 
furcation 1 and in the preoperative imaging of aortic 
aneurysms, 2 MRA has decreased the reliance on pre- 
operative contrast arteriography. However, with re- 
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spect o carotid endarterectomy and repair of aortic 
aneurysms, other imaging modalities (Duplex scan, 
computed tomography scan) often provide sufficient 
information such that arteriography of any kind is 
omitted. 3,4 Reconstruction for lower extremity oc- 
clusive disease mandates accurate angiography for 
optimal results often to the extent of detailing foot 
vessel anatomy in patients with compromised runoff. 
Because the vascular surgeon requires precise detail 
for lower extremity revascularization a d because of 
technical considerations related to long lengths of 
the arterial tree to be visualized, MRA for lower 
extremity occlusive disease has been developed by 
radiologists and accepted byvascular surgeons more 
slowly than in other anatomic locales. 
Despite technical constraints the impetus for 
MRA use in the lower extremities remains both for 
cost considerations and for application to that small 
subset of patients who are at considerable risk for 
complications related to contrast arteriography, s,6
Furthermore MRA of the lower extremities has been 
promulgated as more sensitive than contrast arte- 
riography in the demonstration of diseased runoff 
vessels uch that some have claimed MRA, not con- 
ventional angiography, is the "gold standard" in this 
regard. 7,8 The rationale for this seems sound, be- 
cause MRA is capable of obtaining direct images of 
flowing blood and does not rely (as contrast angiog- 
raphy does) on downstream reconstitution ofdiluted 
contrast material to demonstrate patent vessels below 
arterial occlusions. 
In an earlier eport we suggested that MRA could 
eliminate the need for contrast arteriography before 
lower extremity revascularization in certain "as yet 
undefined" subsets of patients with peripheral occlu- 
sive disease. 9 However, that report, like much of the 
extant literature on MRA, suffered from the limita- 
tions of retrospective r view and represented an ini- 
tial evolving experience with both the technical as- 
pects of obtaining an adequate MRA and the 
"learning curve" with respect to surgeons using these 
images to formulate treatment plans. In this study we 
report a prospective valuation of the accuracy and 
utility of MRA in the formation of treatment plans 
for patients requiring interventions for lower extrem- 
ity arterial occlusive disease. 
PATIENTS AND METHODS 
During the interval of September 1993 through 
March 1995, 79 patients deemed candidates for in- 
tervention for lower extremity occlusive disease were 
prospectively studied. Inclusion criteria were (1) pa- 
tients of participating study surgeons who subse- 
quently underwent an intervention and (2) ability to 
complete an initial outpatient (because of MRI avail- 
ability constraints) MRA and subsequent contrast 
angiography (ANGIO). Patients whose clinical con- 
ditions precluded an initial outpatient MRA, those 
with contraindications to MRA (pacemaker, claus- 
trophobia, metallic joint implants), and those treated 
on the basis ofangiograms obtained at other facilities 
were excluded. The logistics and constraints of the 
study design were the principal reasons for both most 
of the patient exclusions and the percentage of pa- 
tients in the study treated for claudication (43%) as 
opposed to limb-threatening ischemia. Patients in 
the study made up some 18% of the participating 
surgeons' patients (n = 449) undergoing interven- 
tions for lower extremity occlusive disease during the 
study interval. Participating surgeons and vascular 
radiologists had experience with lower extremity 
MRA over a 3-year period before this study was 
initiated. Patients in the study underwent an initial 
outpatient clinical evaluation, which included resting 
and exercise (where possible) pulse volume record- 
ings and Doppler segmental pressures followed by an 
outpatient MRA study interpreted by a vascular radi- 
ologist blinded to the clinical findings. Thereafter the 
treating vascular surgeon (primary surgeon) formu- 
lated an intervention plan based on the noninvasive 
data and MRA findings, which included the official 
interpretation by the vascular radiologist. The treat- 
ment plan was specific, that is, indicating aparticular 
intervention such as iliac angioplasty or femoral to 
proximal anterior tibial bypass. At a subsequent time 
patients were studied with ANGIO, and a different 
radiologist blinded to the MRA results interpreted 
the examination. A second treatment plan was for- 
mulated by the treating surgeon based on the AN- 
GIO, although this surgeon had already seen and 
formulated a plan based on the MICA. Additional 
study surgeons formulated independent treatment 
plans based either on MICA or ANGIO alone 
("MICA" surgeon/"ANGIO" surgeon) after being 
furnished with the ssential clinical details (age, indi- 
cation for intervention, pulse examination, vascular 
laboratory studies, cardiac status, suitability for aortic 
reconstruction, conduit availability, primary or redo 
intervention, and presence of foot lesions/necrosis/ 
anticipated need for local amputation, etc.) of each 
patient. 
All MRA studies were obtained with a 1.5 tesla 
General Electric Signa system. Two-dimensional 
time-of-flight imaging of the peMs and thigh was 
performed in the body coil with the following param- 
eters: spoiled gradient echo (SPGR) flow compensa- 
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Table I. Demographic and 
clinical characteristics 
No. 
Variable (n = 79) Percent 
Age ->70 years 39 49.4 
M/F ratio 44/35 -- 
Smoking history 65 82.3 
Creatinine >1.5 mg/dl 18 22.8 
Diabetes mellitus 34 43 
Cardiac disease 31/14 39.2/17.7 
remote/active 
Claudication 34 43 
Rest pain 16 20.3 
Ulcers/gangrene 29 36.7 
ti0n , 29/6 .7  (TR/TE) ,  45-degree flip angle for the 
pelvis, 60-degree flip angle for the thighs, 2.9 mm 
axial slice thickness, inferior saturation, 32 cm field of 
view, one excitation, and 128 matrix. Imaging from 
the knees to the feet was performed in the head coil 
with the following parameters: SPGR, flow compen- 
sation, 29/7.2  (TR/TE) ,  60-degree flip angle, 2 
mm axial slice thickness, inferior saturation, a 22 cm 
field of view, one excitation, and 128 matrix. The 
average total imaging time was 1 hour and 30 min- 
utes including localizer sequences and patient repo- 
sitioning. In cases in which tortuosity or aneurysmal 
disease of the iliac arteries resulted in severe satura- 
tion artifacts on the two-dimensional time-of-flight 
images (37% of patients), three-dimensional time-of- 
flight dynamic gadolinium-enhanced magnetic reso- 
nance angiograms of the pelvis were obtained with 
the following parameters: SPGR, flow compensa- 
tion, no presaturation, 24/6.9  (TR/TE) ,  flip angle 
of 40 degrees, 2.5 mm coronal slice thickness, 28 
partitions, 32 cm field of view, one excitation, 256 × 
256 matrix, and intravenous injection of 0.3 
mmol/kg of a gadolinium contrast agent during 
scanning. 1° The scanning time for this sequence was 
3 minutes 18 seconds. Magnetic resonance angio- 
grams were interpreted from both maximum inten- 
sity projections and source images. 
Conventional angiograms (ANGIO) were per- 
formed by retrograde cannulation of the common 
femoral artery in patients with a palpable femoral 
pulse or from the left axillary artery with 5F or 6F 
pigtail catheters (Cook, Bloomington, Ind.). Efforts 
were made to get complete studies from the aortic 
bifurcation to the ankles. However, as mandated by 
clinical circumstances of either anatomy or the need 
to limit contrast, 16% of the patients had only one leg 
runoff studies completed. Biplane cut-film abdomi- 
nal aortography was obtained with injection of 40 cc 
Hypaque 76 (Sanofi Winthrop, New York, N. Y.) or 
Omnipaque 350 (Nycomed, New York, N. Y.). Cut- 
film or digital lower extremity angiograms were per- 
formed from the aortic bifurcation with 76 cc of 
contrast, he ipsilateral external i iac artery with 48 cc 
of contrast, or with an antegrade femoral puncture. 
Lateral views of the foot (generally unilateral) were 
obtained as demanded by clinical circumstances in
40% of patients. Reactive hyperemia was used to 
visualize the runoff vessels in patients with extensive 
proximal occlusions. Iliac artery pressure gradients 
were measured (21% of patients) when the signifi- 
cance of iliac disease was not apparent on oblique 
views of the pelvis. Supplemental oblique pelvis or 
extremity views were obtained whenever necessary. 
For the purposes of comparing vascular anatomy 
depicted by MRA and ANGIO, arterial segments 
were grouped together into regions of clinical inter- 
est as follows: (1) common and external iliac, (2) 
common femoral artery, (3) superficial femoral artery 
(SFA) and above-knee popliteal, (4) below-knee 
popliteal, (5) infrapopliteal runoff vessels, and (6) 
pedal vessels. Each individual vessel was graded by 
separate and blinded (for MRA vs ANGIO) vascular 
radiologists as normal (1% to 25%) or with increasing 
degrees of mild (26% to 50%), moderate (51% to 
75%), or severe (75% to 99%) stenosis or occlusion. 
No calipers or measuring devices were used. Runoff 
vessels were divided, and a separate grading was as- 
signed to their respective proximal and distal halves. 
Because it has been suggested that MICA and not 
ANGIO is the "gold standard" for certain circum- 
stances of diseased runoff, 7,8 the findings on MRA 
versus ANGIO were compared in terms of levels of 
agreement between the two studies rather than ei- 
ther study being considered a gold standard for sen- 
sitivity/specificity determinations. Because an exact 
agreement between MRA versus ANGIO may be 
irrelevant for purposes of clinical decision malting, an 
additional level of agreement was designated as ma- 
jor  discrepancies between MRA versus ANGIO when 
arterial segments were classified as normal or mild on 
one study and severe stenosis or occlusion on the 
other imaging modality. 
Indexes of agreement between radiologists for 
anatomic sites as defined by MRA versus ANGIO 
referred to as kappa n were computed with a pack- 
aged statistical software program (BMDP-4F, Los 
Angeles, Calif.). Data were entered into a Lotus V4.0 
(Lotus Development Corp, Cambridge, Mass.) for 
Windows spreadsheet, converted to an ASCII test 
file, and imported to a SYSTAT data file. Values of 
kappa greater than or equal to .75 are considered to 
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Table II. Principal interventions performed 
in 79 patients 
Percutaneous balloon angioplasty alone 
Iliac 4 
Superficial femoral 3 
Surgical inflow 
Aortobifemoral 13 
Iliofemoral 4 
Femoral-femoral 4 
Profundaplasty 1 
Surgical outflow 
Femoral-popliteal 28 
Femoral-tibioperoneal 17 
Femoral or popliteal-pedai 5 
Total 79 
represent excellent agreement beyond chance, 
whereas values less than .40 are considered to repre- 
sent poor agreement beyond chance. Values between 
.40 and .75 represent moderate agreement beyond 
chance. For testing the hypothesis that the ratings are 
independent, that is, that there is no agreement be- 
yond chance (kappa = 0), a t statistic (the ratio of 
kappa to its standard error) is provided by the soft- 
ware program. If t is sufficiently arge, the hypothesis 
of no agreement may be rejected at the associated 10
levels of 0.05 or less. Thus a p value < 0.05 indicates 
statistically significant agreement beyond chance. 
Agreements in surgical treatment plans formulated 
by the primary surgeon, the MICA surgeon, and the 
ANGIO surgeon were compared for different ypes 
of procedures and clinical indications by x-squared 
analysis. 
RESULTS 
Patients and interventions. Demographic and 
clinical characteristics of patients in the study were 
typical of patients with peripheral occlusive disease 
and are displayed in Table I. Principal interventions 
(Table II) consisted ofpercutaneous balloon angio- 
plasty alone, 9% (four iliac with two stents, three 
SFA), surgical inflow procedures, 28%, or surgical 
outflow procedures, 63%. Nine percent of patients 
underwent multilevel interventions, two patients un- 
derwent iliac angioplasty combined with surgical 
outflow procedures, and five patients had combined 
inflow/outflow surgical procedures performed at a 
single operation. As anticipated, outflow procedures 
were more often (73% of total) performed for limb- 
threatening ischemia, whereas 60% of inflow proce- 
dures were performed in claudicants. Most interven- 
tions were primary, but 14% of the surgical 
procedures were redo operations after a previous 
ipsilateral failed bypass. Intraoperative arteriograms 
Table III. Morbidity associated with 
vascular interventions 
Complication No. Percent 
Contrast-related renal insufficiency 3 3.8 
Early thrombosis of intervention i 1 14 
Operative mortality 1 1.3 
Cardiac 4 7.6 
Pulmonary 3 3.8 
(with inflow occlusion) were used selectively 12in 
28.5% of femoral-popliteal bypass and in 60% of 
infrapopliteal reconstructions. In no circumstances 
were the results ofintraoperative arteriography mate- 
rially different han anatomy depicted on the preop- 
erative imaging studies. Procedure-related morbidity 
is displayed in Table III. No acute failures or 
significant systemic complications occurred after 
isolated percutaneous angioplasty procedures, 
which we used only in circumstances of focal iliac/ 
SFA stenoses or short segment (<5 cm) SFA oc- 
clusions. Of 11 early postoperative graft failures, 
all underwent reoperation and successful revision 
such that a functioning graft was present at the 
time of hospital discharge. 
Vascular anatomy. The observed agreement 
between MRA and ANGIO for the different arterial 
segments with the corresponding kappa and p values 
is displayed in Table IV, and representative images 
are compared in Fig. 1. Also shown are the rates of 
major discrepancies (as defined previously) between 
the two studies for each arterial segment. In the 
circumstance ofmajor disagreements such discrepan- 
cies occurred in no particular pattern. There were 
equivalent rates of both ANGIO and MRA failing to 
display vessels depicted on the other imaging study. 
For example, at the infrapopliteal level the 12.4% rate 
of major disagreement (for all patients) between 
MRA and ANGIO was almost exactly divided be- 
tween circumstances in which MICA seriously under- 
estimated isease (5.4%) and ANGIO did likewise 
(6.7%). Major disagreement between the imaging 
studies at the infrapopliteal level was significantly less 
for claudicants (10.1%), who could be expected to
have less extensive disease, compared with patients 
with limb-threatening ischemia (14.3%, p = 0.014), 
but the pattern of disagreements was similar to that 
seen when all patients were considered. With respect 
to detection of occult runoff vessels, the ANGIO 
"false-negative" rate (infrapopliteal vessel segment 
occluded on ANGIO but visualized by MRA) was 
5.6%, whereas the corresponding MRA "false-nega- 
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Table IV. Vascular anatomy agreement between MRA and ANGIO 
Common and SFA and AK 
Anatomic segment external i iacs Popliteal BK Popliteal 
No. segments examined (n = 256) (n = 254) (n = 131) 
Infrapopliteal Pedal 
(n = 864) (n = i l l )  
Observed agreements 77/.51/.001 73/.60/.001 84/.58/.001 74/.56/.001 69/.48/.001 
(%)/Kappa/p value 
Major discrepancy (%)* 3.5 6.7 3.8 12.4 19.8 
n = number of arterial segments examined. 
SFA, Superficial femoral artery; BK, below l~aee. 
*See text for definition. 
"~Pedal vessels - dorsalis pedis, posterior tibial below ankle, and plantar arch. 
five" rate was 5.7%. Overall kappa values were indic- 
ative of moderate but not excellent agreement be- 
yond chance, yet the numbers of determinations 
were sufficiently large such that these levels of agree- 
ment were highly significant in the context of what 
would be anticipated beyond chance agreement. 
Treatment plans. Adequacy of MRA in formu- 
lating intervention plans was assessed initially by the 
subjective ("nonblinded") response of the treating 
surgeon after all studies were reviewed and after the 
intervention was completed. Overall the treating sur- 
geon's opinion was that MRA would have been suf- 
ficient for treatment planning in all but 11% of cases. 
These results are displayed in Table V, and the signif- 
icant difference noted between claudicants versus 
those with limb-threatening ischemia was related 
(eight of nine cases) to the surgeon's opinion that 
MRA provided an inadequate assessment of the he- 
modynamic significance of iliac disease. MRA was 
judged "inadequate" bythe treating surgeon signifi- 
candy more often in the treatment of multisegment 
versus single-segment disease. A "blinded" assess- 
ment of the utility of MRA in formulating treatment 
plans was achieved by comparing those formulated 
by the treating surgeon and those proposed by other 
surgeons furnished with clinical data but only one of 
the imaging studies including the radiologist's inter- 
pretation. There was good correlation with the treat- 
ing surgeon's subjective opinion ("would MRA suf- 
fice") and the overall level of "satisfaction" with 
MRA, because treatment plans formulated by all sur- 
geons agreed in more than 85% of cases. Indeed the 
overall agreements in plans formulated by the "MRA 
surgeons" versus the treating surgeon's final plan 
(85%) was virtually identical to the 87% agreement 
seen between the "ANGIO" surgeon and the treat- 
ing surgeon. However, as displayed in Table VI, lack 
of agreement in the proposed treatment plans oc- 
curred in no particular pattern with respect o 
clandicants versus limb-threatened patients, those 
with single versus multisegment disease, or those 
undergoing outflow versus inflow procedures. 
DISCUSSION 
Experience in our unit and elsewhere has demon- 
strated that MRA can provide an accurate lower 
extremity arteriogram with the potential for cost 
savings and elimination of the small but persistent 
risk of catheter-based contrast angiography. 5,6,9 Car- 
penter et al. 13 have reported favorable experience in a 
series of 78 patients who underwent surgical ower 
extremity revascularization with MRA as the sole 
preoperative imaging modality, 13 and this strategy 
has been applied with increasing frequency at our 
institution. This study used a prospective design with 
blinded radiologists' interpretations of imaging stud- 
ies and independent treatment plans formulated by 
surgeons on the basis of either angiography orMRA. 
Although adifferent imaging sequence was used, our 
data are consistent with the largest similar trial re- 
ported to date in that treatment plans formulated 
with either MRA or ANGIO agreed in more than 
85% of cases. 14 Clearly MRA will assume an increas- 
ing role in the treatment of patients with lower ex- 
tremity occlusive disease. 
The technical components of obtaining an ade- 
quate MRA deserve comment. Our technique in- 
volved simultaneous imaging of both legs in the head 
coil, allowing for greater time efficiency, an impor- 
tant consideration at our institution, where the num- 
ber of MRI scanners i  limited. Others have used the 
extremity coil despite the limitation of lengthy imag- 
ing times to study both legs. This technique provides 
superior spatial resolution mainly related to imaging 
with a smaller field of view (16 cm for the extremity 
coil vs 22 cm for the head coil). Our current ech- 
nique with a 22 cm field of view and a 256 × 128 
matrix yields a pixel resolution of 1.49 mm 2 and a 
voxel volume of 3 mm 3. As displayed in Fig. 1 our 
technique provides equivalent resolution (to the ex- 
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Fig. 1. Corresponding contrast arteriograms (A,C,E) and MRA (B,D,F,G) performed in head 
coil of patient with multilevel occlusive disease and resting ABI 0.45. A/B, Thigh station with 
superficial femoral artery ocdusion (arrow) and geulculate collateral. C/D, Image just below lmee 
joint reveals reconstituted popliteal artei3~ (single arrow) and fibioperoneal trunk occlusion (double 
arrows). ElF, Runoffimage with well-demonstrated posterior tibial artery (double arrows) running at 
least o ankle. Note also patent anterior tibia] artery. G, Foot view (MRA) demonstrating posterior 
tibial artery at malleolar level (arrow), which is in continuity with plantar arch, whereas dorsalis pedis 
artery is occluded in foot (double arrow). Foot view was not requested incontrast ANGIO based on 
clinical factors. Based onthis information, femoral posterior tibial bypass was performed. 
tremity coil) for tibial vessels at least to the anlde 
level, and our technique for obtaining images of the 
tibial vessels has been validated against conventional 
ANGIO.  1~ It is acknowledged that for the specific 
question of pedal and plantar vessel anatomy use of 
the extremity coil is preferred. 
We found good correlation between vascular 
anatomy depicted on ANGIO and MRA; the "agree- 
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Table V. Treating surgeons' assessment ofMRA adequacy after intervention 
MRA Suffice? p Value 
No. (%) no Claudicants Rest pain/ulcer/gangrene 0.036 
7/34 (20.6) 2/45 (4.4) 
No. (%) no Inflow procedure* Outflow procedure* 0.653 
2/24 (8.3) 6/51 (11.8) 
No. (%) no Single-segment disease Multisegment disease 0.007 
0/32 (0)1" 9/45 (20)t 
No. (%) no Primary intervention Redo intervention 0.557 
6/59 (10.2) 3/20 (I5) 
*See Table II. Iliac angioplasty included in inflow procedure and superior femoral angioplasty included in outflow but patients with 
combined inflow/outflow surgical procedures excluded. 
"[Two patients with inadequate/unavailable noninvasive studies excluded. 
ments" as displayed in Table IV are those wherein 
correlation was precise within different grades of ste- 
nosis. It can be argued that variations in one level of 
severity of stenosis (e.g., a 25% vs a 50% lesion) are 
clinically insignificant in these patients. However, the 
major discrepancies between MRA and ANGIO, 
which ranged from a low of 2.9% in the below-lmee 
popliteal artery to more than 12% in the runoff and 
pedal vessels, clearly do have clinical implications. 
Others have recently reported ecreased iagnostic 
accuracy for both MRA and ANGIO at the level of 
the pedal vessels. 14 Although the agreement levels 
between ANGIO and MRA reported herein are 
within the wide range reported in the literature, such 
comparisons are problematic for the usual reasons 
related to study designs, patient numbers, length of 
experience, and whether MRA is compared with AN- 
GIO as a "gold standard." In the current s udies we 
graded arterial segments as to varying degrees of 
stenosis, whereas others have used the less precise 
designation of vessel patent versus occluded. 14 
Clearly agreement levels between MRA and ANGIO 
will vary in accordance with the stringency of the 
comparison criteria. Given what others have claimed 
with respect o the superior sensitivity of MRA for 
the detection of occult runoff vessels, 7 s,16 we 
avoided designating either examination as a "gold 
standard." Use ofintraoperative arteriography asthe 
gold standard as suggested by others 14 is relevant for 
the specific bypass recipient vessel but may not pro- 
vide useful information about or even demonstrate 
other runoff or pedal vessels. Furthermore we use 
intraoperative arteriography selectively, having previ- 
ously demonstrated in a prospective study that it 
adds little (in our practice) to intraoperative Doppler 
insonation and pulse volume recordings in the detec- 
tion of technical inadequacy in the operating room.12 
We could not confirm the contention that MRA 
detects more patent runoff vessels than ANGIO. In 
examining more than 800 infrapopliteal runoff vessel 
segments, major discrepancies occurred in 12.4% of 
interpretations, with "disagreements" equally di- 
vided between MRA and ANGIO "false-positives" 
and "false-negatives'. Furthermore the bulk of the 
literature on which this contention isbased has come 
from a single group, and as experience has accumu- 
lated, recent reports have been notable for a decrease 
in the reported ability of MRA to detect "angio- 
graphically occult" runoff vessels. 7,s,ls,16,17 In the 
recent multicenter t ial MRA detected but 2% more 
patent infrapopliteal vessels compared with ANGIO, 
and two of four participating centers actually re- 
ported superior sensitivity and specificity for ANGIO 
versus MRA in the detection of patent runoff ves- 
sels. 14 We believe that the potential bility of MRA to 
demonstrate runoff vessels downstream from proxi- 
mal occlusions will vary with the quality of the refer- 
ence standard, that is, the ANGIO. Adherence to the 
principles of distal catheter positioning, delayed film- 
ing, and digital subtraction technology will usually 
produce an adequate arteriogram. The clinical corre- 
late of the "angiographically occult" runoffvessel has 
been the contention that failure to demonstrate such 
vessels will lead either to primary amputation or the 
need for "blind" exploration of tibial vessels in up to 
18% of candidates for lower extremity revasculariza- 
tion. 7,s These same investigators have recently re- 
ported that 12% of 212 infrageniculate bypasses were 
performed to "angiographically occult" runoff ves- 
sels. 18 Such figures are difficult to reconcile in con- 
temporary practice, and in the authors' cumulative 
experience the requirement for "blind" exploration 
because of an inadequate arteriogram has been ex- 
ceedingly rare, occurring but six times in a collective 
experience of more than 60 years of clinical practice. 
However, the necessity to repeat inadequate runoff 
arteriography is a common experience in a referral 
practice of vascular surgery, and increasingly this is 
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Table VI. Treatment plan agreements in 79 patients 
Primary surgeon final plan versus primary 
surgeon MRA plan 
Agree? No Yes 
Primary surgeon final plan versus 
MRA surgeon plan 
Percent agree No Yes Percent 
All patients 11 
Single-segment versus 3 
multisegment disease* 8 
Claudication limb threat 5 
6 
Inflowt 5 
FEM-POP~: 4 
Tibial evel§ 2 
68 86 
32 91 
36 82 
p = 0.329 
29 85 
39 87 
p = 0.999 
21 81 
26 87 
21 91 
p = 0.564 
10 69 87 
5 30 86 
5 39 89 
p =0.743 
2 32 94 
8 37 82 
p = 0.174 
3 23 80 
4 26 87 
3 20 87 
p = 0.978 
*As assessed by contrast angiography 
J'Includes surgical nd PTA procedures 
~Femoral Popliteal Bypass grafts plus one patient with popliteal PTA 
§Distal anastomosis to a tibial or pedal vessel 
being performed with MRA. Finally, for purposes of 
planning adistal bypass the vascular surgeon requires 
insight into the quality of a potential recipient vessel. 
We believe the superior esolution of ANGIO with 
respect o the detail and quality of tibial recipient 
vessels makes it the imaging modality of choice when 
bypass to the infrapopliteal level is required. Similar 
findings have been reported by Baum et al.,14 who 
assessed leg arterial segments' uitability as recipient 
vessels for infrainguinal bypass grafts. They reported 
superior specificity (92% vs 84) for ANGIO versus 
MRA in this regard, with ANGIO 1.5 times more 
likely to distinguish a "near normal" (i.e., suitable for 
bypass grafting) arterial recipient vessel. 
Irrespective of the ability of MRA to accurately 
display runoff anatomy, a principal shortcoming has 
been in the assessment of iliac inflow disease. This is 
not surprising, because the often tortuous course of 
the iliac vessels associated with a high-flow system 
can create in-plane saturation and signal dropout 
artifact. Furthermore, as emphasized by Mulligan et 
al) 8 and in our previous reports, femoral artery pres- 
sure studies are frequently required to assess the 
hemodynamic significance of inflow disease. 9,2° 
Snidow et al. 2° recently reported low specificity 
(23%) for MRA in the assessment of iliac disease 
significance and a poor correlation (41%) of treat- 
mcnt plans based on MRA compared with ANGLO. 
In virtually every case of treatment plan conflict, 
inadequate MRA of the iliac segments was responsi- 
ble. 2° These investigators have since reported im- 
proved results for iliac MRA with a gadolinium- 
enhanced technique, ~° but precise correlation with 
ANGIO was still seen in only 67% of patients. 22 
Indeed, the series of Carpenter et al., 13 wherein re- 
vascularization was carried out after MRA alone, was 
notable in that 13% of patients required a second 
MRA examination with cardiac pulse gating because 
of image degradation i the iliacs caused by pulsatil- 
ity artifacts. Review of the earlier report from this 
group, which noted excellent agreement between 
MRA and ANGIO for iliac disease, is notable for the 
dearth ofiliac segments hat were stenotic, with most 
being normal or occluded. 23 We and others have 
used intravenous gadolinium and have found it help- 
ful tO clarify the significance of inflow disease) °,21 
When surgical plans in this series formulated by the 
treating surgeons after MRA versus after ANGIO 
disagreed, inadequate assessment of iliac inflow by 
MRA was the most common explanation. 
Despite the perceived or actual limitations of 
MRA, our data indicate that MR_A provided sufficient 
detail for accurate treatment planning in most pa- 
tients. Specific surgical or angioplasty treatment 
schemes formulated with clinical, noninvasive, and 
MRA data agreed with those formulated after AN- 
GIO review in more than 85% of cases (Table VI). 
These data compare favorably with those reported by 
Quinn et al., 24 who reported that MRA could have 
replaced ANGIO in but 57% ,of a series of 37 pa- 
tients. Similarly, Snidow et al. 21 found a correlation 
of MRA and ANGLO treatment plans in but 40% of 
patients, a rate less than one half reported herein. We 
believe these discrepancies are more related to study 
designs, duration, and volume of experience than to 
any actual limitation f the imaging techniques. Our 
data, with an 85% agreement rate in treatment plans 
formulated with MRA versus ANGIO, agree almost 
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exactly with those recently reported by Baum et al. 14 
Most impressive was the consistency ofour determi- 
nations between the treating surgeon and a second 
"MRA" surgeon. In the effort to specify which pa- 
tients were not adequately assessed by MRA, no 
consistent pattern was apparent, but the bulk of 
treatment plan in discrepancies occurred in complex 
circumstances ofmultisegment disease (Tables V and 
VI). This is consistent with our continuing practice 
and position that the superior esolution of ANGIO 
with respect o tibial vessel anatomy makes it the 
imaging procedure of choice when reconstruction to 
this level is contemplated. 
A stated goal of this study was the identification 
of those patients or anatomic subsets wherein MRA 
might preclude the need for ANGIO. Our data are 
only inferential in this regard, but an accurate nonin- 
vasive study combined with an MRA will provide the 
surgeon with adequate preoperative information i  
most patients. It is important to emphasize that this 
posture will be appropriate only in environments 
where vascular surgeons and radiologists working 
together have achieved sufficient experience, which 
must include correlative xamination of significant 
numbers of patients with both MRA and ANGIO. 
We consider our own experience with MRA for pe- 
ripheral occlusive disease to be still evolving despite 
the current prospective study and 5 years of experi- 
ence. Clearly MRA will provide cost advantages only 
if used in place of rather than as an adjunct o AN- 
GIO, and it is unlikely that surgeons will have the 
luxury of obtaining both studies. Alternatively, some 
have argued that MRA can be used as an initial 
imaging modality to then direct or tailor a subse- 
quent catheter ANGIO. 2s We believe such an ap- 
proach is illogical in a cost-conscious environment 
and that the selection of patients for either MRA or 
ANGIO based on clinical and noninvasive data 
should be the desired goal. The noninvasive ascular 
laboratory data in our practice has been highly accu- 
rate in the prediction of the anatomic level of the 
disease and therefore becomes an integral part of 
decision making with respect o MRA versus AN- 
GIO. 26 Other noninvasive modalities such as duplex 
imaging of the superficial femoral artery may aid in 
the selection of MRA versus ANGIO. 27 The same 
clinical and noninvasive data are useful in predict- 
ing when angioplasty might be feasible, and in 
such cases proceeding directly to a catheter study 
(at least in those environments where angioplasty 
is performed in the vascular radiology suite) would 
seem prudent. 
Our experience suggests MRA can replace an- 
giography in those circumstances where clinical and 
noninvasive data predict he need for straightforward 
aortobifemoral or femoral popliteal rcconstruction. 
Certainly that small subset of patients at high risk for 
ANGIO-related complications and those patients 
with inadequate runoff arteriograms should be eval- 
uated with MRA. As the clinical and noninvasive data 
suggest increasing complexity, redo reconstruction, 
or infrapopliteal level reconstruction, anANGIO re- 
mains our preoperative imaging study of choice. Fi- 
nally, the evolution of MRA imaging in thc lower 
extremities cont inues,  28'29 and further technical 
modifications are certain to improve both the quality 
and reliance on MRA in the future. 
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